High-frequency transformation in Saccharomyces cerevisiae has been accomplished primarily with two kinds of plasmids: (i) those containing fragments of 2,. DNA, which has been clearly shown to be capable of self-replication in yeasts (1, 3, 8) , and (ii) those containing certain chromosomal DNA sequences, called autonomous replication sequences, which presumably contain initiation sites for DNA synthesis (1, 2, 8, 20, 34) . The plasmid called 2,u DNA has been demonstrated only in Saccharomyces spp. (9, 12, 18, 32, 36) and Schizosaccharomyces pombe (11) and has never been detnonstrated in Candida spp. (13, 36) . Autonomous replication sequences (ars) responsible for high-frequency transformation may be present in the eucaryptic chromosome as multiple copies (6, 7) , as unique sequences, or as sequences which share limited homology with other replicator sequences in the chromosome (33, 37) . Several autonomous replication sequences have been described for S. cerevisiae (6, 7, 33, 37) . Also, those from a wide variety of eucaryotes, but not Escherichia coli, have been shown to exhibit high-frequency trahsformation in S. cerevisiae (34) . However, there have been no reports on the isolation of ars from Candida utilis, an industrially important yeast (14, 15, 22, 24, 28) . The objective of this study, therefore, was to isolate ars from C. utilis, as a first step toward the eventual construction of a cloning system for this yeast.
In this paper we describe the isolation and t Journal article no. 10685 from the Michigan Agricultural Experiment Station. characterization of DNA sequences from the C. utilis genome that allow autonomous replication of a yeast integration plasmid (YIp5 [34] ) in S. cerevisiae.
MATERIALS AND METHODS
Strains, plasmids, and media. The yeast and bacterial strains and plasmids used in this study are listed in Table 1 . YPD medium (1% yeast extract, 2% BactoPeptone [Difco Laboratories, Detroit, Mich.], and 2% glucose) and mninimal medium (0.67% Difco yeast nitrogen base without amino acids, and 2% glucose), used for cultivating yeasts, were described by Sherman et al. (31) . LB medium, used for growth of E. coli, was described by Maniatis et al. (23) .
DNA preparation. Plasmid DNA was prepared from E. coli by the rapid boiling method described by Holmes and Quigley (19) . Total yeast DNA from transformed and untransformed cells was isolated by the procedure of Sherman et al. (31) , except that Novozym 234 (Novo Laboratories, Inc., Wilton, Conn.) was used for cell wall digestion instead of Zymolase. DNA fragments to be labeled by nick translation and recloned into other vectors were isolated from agarose gels by electroelution as described by Maniatis et al. (23) .
Transformation of yeasts and bacteria. Bacteria were transformed with plasmid DNA by using the calcium chloride-heat shock method of Maniatis et al. (23) .
Yeast strains were transformed by using a modification of the Beggs method (31). The mitotic stabilities of hybrid plasmids in yeasts were determined as previously described (34) . DNA transfer and hybridization to nitrocellulose paper. The DNA transfer (Southern blot) hybridization procedure used was that described by Maniatis et (29) . The procedures used for high-stringency hybridization and low-stringency hydridization were described previously (10) . Autoradiography was performed at -70°C with Kodak XAR-5 film and intensifying screen (21) . (Table 2) . However, the doubling time for transformant CU83 was higher than that of CU81 and CU22. All of the Ura+ transformants were unstable in selective and nonselective media (Table 2) , which is rather characteristic of the ars plasmid of yeasts (2, 34) . After 20 generations in nonselective medium, >99% of the transformants lost the Ura+ phenotype.
RESULTS

Isolation
Restriction mapping of ars plasmid pHMR22. pHMR22 was first digested with various enzymes, and the fragment patterns were compared to those of YIp5. Single enzyme digestion indicated that ars does not have a site for PstI, SalI, HindIII, EcoRI, or PvuII ligation (Fig. la) . Also, the ars plasmid still contains a cleavage site for BamHI after BamHI-MboI ligation (Fig.  la, lane C) . Double enzyme digestion indicated that the BamHI site is near or at one of the ends of ars, close to the SalI site of the YIp5 sequences (Fig. lb) . The restriction map of plasmid pHMR22 containing ars is shown in Fig. 2 .
Subcloning of ars in pHMR22. The ars fragment from pHMR22 was subcloned into YIp5 as shown in Fig. 2a , and three recombinant plasmids (YIp5 ars) were isolated. All three of these plasmids were capable of transforming S. cerevisiae YNN27 to Ura+ with high efficiency, similar to pHMR22 (data not shown). These results show that the BamHI site is not located in the essential portion of ars.
Subcloning of ars in pHMR22 after Sau3A digestion is shown in Fig. 2b . To prevent the self-ligation of Sau3A fragments, the pool of Sau3A fragments was treated with calf alkaline phosphatase to remove the terminal 5'-phosphates from the DNA (5). After ligation of the Sau3A fragments with BamHI-digested YIp5 plasmid DNA, the pool of hybrid plasmids was used to transform E. coli HB101. When the pool of hybrid plasmids isolated from tetracyclinesensitive and ampicillin-resistant clones of E. coli was used to transform S. cerevisiae YNN27, no Ura+ transformants were isolated. These results indicated that the Sau3A site is located in the essential portion of cloned ars.
Yeast sequences homologous to cloned ars of pHMR22. The results of hybridization of the 32p_ labeled ars fragment with total yeast DNA under low-stringency conditions are shown in Fig. 3 . We also conducted an experiment under highstringency hybridization conditions and found that the hybridization spectrum was the same as that shown in Fig. 3 (data not shown) . We then asked whether DNA complementary to ars was present elsewhere in the C. utilis genome or in the genome of other yeasts. Total DNA was isolated from C. utilis, Candida albicans, S. cerevisiae, and P. tannophilus and was subjected to restriction enzyme digestion. After separation of DNA fragments by agarose gel electrophoresis, they were transferred to nitrocellulose paper and hybridized with 32P-labeled HindlIlSall ars DNA or 32P-labeled pBR322 DNA. pBR322 did not hybridize to yeast DNA even at very-low-stringency hybridization conditions (Fig. 3a) . This result precluded the possibility of the pBR322 sequences which flank ars crosshybridizing with yeast chromosomal DNA. Tracks G, H, and I of Fig. 3b are EcoRI-cleaved DNA from S. cerevisiae, C. albicans, and P. tannophilus, respectively; none of these showed homology to cloned ars of C. utilis even under conditions that favored the formation of mismatched hybrid. Tracks A to F are the total DNA of C. utilis cleaved with different restriction enzymes. Surprisingly, there were two bands seen in lane C, i.e., when total DNA was cleaved with HindIII, whereas only one band was present in lanes A, B, D, E, and F (Fig. 3b) , when the DNA was treated with other restriction enzymes individually or in combination. These results indicated that cloned ars hybridizes with two different fragments of C. utilis genome DNA. DISCUSSION The results of this study show that several DNA fragments of C. utilis have been cloned into YIp5 and that these DNA fragments confer on YIp5 the ability to replicate autonomously in S cerevisiae. All of these hybrid plasmids transformed S. cerevisiae (Table 2 ) and E. coli at high frequency and could be reisolated from transformants without any detectable change in plasmid structure or function. These results suggested that the cloned DNA fragments fit the description of ars previously isolated from other eucaryotic cells (1, 2, 20, 34, 35) .
Initiation of DNA replication occurs at multiple internal sites in the chromosomes, and these sites may be activated at different times during the replication phase of the cell cycle (25) . If the origins share DNA sequence homology, then ars should hybridize to several yeast chromosomal DNA fragments. We have shown that the DNA sequences from C. utilis cloned into YIp5 hybridizes to only two fragments of the C. utilis genome even under low-stringency hybridization conditions. This suggests that cloned ars is unique, shares limited homology with other replicator sequences, or is not an origin of replication. The nucleotide sequence responsible for the replication of several S. cerevisiae autonomous replication sequences was studied in detail previously (33, 37) . Extensive homologies have not been observed among arsi (37), ars2, ars3, and 2,u DNA (16, 37) . A canonical shared sequence, TAAAPyAPyAAPu, is present in arsi, ars3, and 2,um DNA but is absent in ars2. The significance of this canonical sequence is, therefore, unclear. This is in striking contrast to the comparison between ori sequences of different bacterial species, in which remarkable sequence homologies are evident (38 (25, 26, 27) and that some of the autonomous replication sequences are reiterated in the genome (6, 7) .
Availability of a unique cloning site(s) is one of the requirements for an ideal cloning vector. In addition, the smaller the cloning vector, the greater the amount of foreign DNA that can be cloned into it. The constructed plasmid pHMR22 offers several advantages. It is small in size (6.6 kilobases) and, therefore, a significant amount of DNA can be cloned into it. It has unique restriction sites for BamHI, Sall, HindIII, EcoRI, and PvuIII restriction endonucleases, and these sites are not located in the region of ars which is essential for its function. These features make pHMR22 a useful vector for cloning desired genes in S. cerevisiae.
We observed that the chromosomal DNA of C. utilis digested-with HindIII yielded two bands which hybridized with cloned ars (Fig. 3b, 
